We have tested the hypothesis whether proteins with biochemical and immunochemical properties similar to those of troponin T (TnT) and troponin I (Tnl) are expressed in bovine vascular smooth muscle (SM). Three monoclonal anti-TnT antibodies (TT-1, TT-2, and RV-C2) specific for the two isoforms of TnT present in the bovine cardiac muscle and two monoclonal antibodies (TI-1 and TI-5) reacting with cardiac TnI were used in this study. Anti-TnT antibodies were found to be unreactive with 1) skeletal and nonmuscle isoforms of glyceraldehyde-3-phosphate dehydrogenase, a glycolytic enzyme that shares some structural homologies with skeletal TnT, and 2) calponin, a TnT-like calmodulin/tropomyosin binding protein with some antigenic properties in common with TnT 
Western blotting procedures were as in Reference 28, with a few modifications. Polypeptides were transferred electrophoretically from the gel to the nitrocellulose paper (0.45 ,um, Bio-Rad) for 3 hours at 400 mA in the presence of 20% methanol. Under these conditions polypeptides below 100 kDa of apparent molecular weight were completely transferred to the paper. Bound antibody was revealed by rabbit anti-mouse IgG conjugated with alkaline phosphatase (Dakopatts, Glostrup, Denmark). The substrate solution contained 5 mg 5-bromo-4-chloro-3-indolyl phosphate and 10 mg nitrotetrazolium blue, in 0.1 M NaCl, and 0.1 M Tris-HCl, pH 9.33 Immunofluorescence Indirect immunofluorescence assays were performed on cryosections (4 ,m thick)34 from bovine aorta and coronary arteries isolated from 21-monthold animals and weighing about 500 kg. The fluorescent antibody (anti-mouse IgG conjugated with fluorescein isothiocyanate) was obtained from Dako. Specificity of immunoreaction was tested as follows: 1) the second fluorescent antibody alone and 2) nonimmune mouse IgG in the first step followed by the fluorescent antibody. Sections were then fixed in 1.5%o Immunoreactivity of the three anti-TnT antibodies with crude extracts from bovine aortic SM was analyzed using Western blotting procedures. As shown in Figure 2 , the three anti-TnT antibodies are able to recognize a polypeptide that is present in trace amounts in the Coomassie blue-stained gel (less than 1%). The electrophoretic mobility of this aortic polypeptide is similar to that of the TnT isoform with higher apparent molecular weight (TnT-1). 35 The intensity of immunostaining of anti-TnT antibodies with this 41-kDa polypeptide is, however, much lower than the corresponding band in the ventricular extract (panels B-D).
The aortic extract was also examined for TnI immunoreactivity by Western Coronary arteries. The possible contamination of the coronary artery preparation with ventricular myocardium was ruled out using an antibody specific for cardiac myosin heavy chain, BF-49. As shown in Figure 4 , three different concentrations of SM extract were analyzed for the presence of contaminating cardiac tissue (panel B). In the limits of the sensitivity of our detection system, there is no evidence for cardiac tissue contamination in the coronary artery preparation. The same coronary artery extract was examined for the presence of TnT-like proteins using TV-1 (panel C). Two bands of different intensity but comigrating with the two cardiac TnT subunits35 were recognized by this antibody (panel C). Similar results were obtained with TT-2 and RV-C2 anti-TnT antibodies (not shown). Table 2 . TnT-like immunoreactivity was present in all aortic SM cells examined and localized at the cytoplasm level ( Figure 5B ). Serial sections showed that TnT-immunostaining codistributed with that of SM-E7 anti-SM myosin antibody ( Figure 5A ). TI-5 anti-TnI antibody ( Figure 5D ) stained some peculiar aortic regions (small areas of SM cells surrounded by a network of fibroelastic fibers) in a manner much similar to that of SM-E7 antibody ( Figure 5C ). Conversely, aortic areas particularly enriched with SM cells ( Figure 6B ) are heterogeneously labeled by TI-5. Serial sections stained with TT-1 ( Figure 6A ) showed that all aortic SM cells displayed a homogeneous staining with this antibody. Higher magnification analysis of these peculiar regions in serial sections with TT-1 and TI-5 antibodies confirmed the existence of heterogeneous patterns of TnI-like immunoreactivity both among and within aortic SM cells (Figures 6C and 6D ). In particular, TI-5 immunostaining appeared to be distributed intracellularly in a punctate manner ( Figure 6D ). TT-2 gave an immunostaining pattern with the aortic SM tissue similar to that of TT-1 (see Table 2 ). On the contrary, RV-C2 and TI-1 were almost negative with the vascular SM cells of aorta by the indirect immunofluorescence technique (see Table 2 ) but positive when revealed by the indirect immunophosphatase reaction (not shown).
Coronary arteries. Large, medium, and small branches of coronary arteries as well as intramural coronary vessels of left ventricular myocardium were examined (see Table 2 ). In particular, we studied the following segments of the left coronary artery: 1) 2 cm before the bifurcation; 2) the circumflex branch, about 10 cm from the bifurcation; and 3) the descending branch, 10 cm from the bifurcation; the right coronary artery, about 10 cm from the origin, was also studied. Small branches of coronary arteries were about 1 mm in diameter.
The results of immunofluorescence experiments are shown in Table 2 . All the segments of left and right coronary arteries were found to be homogeneously positive with TT-1 ( Figure 7) . Conversely, the other anti-TnT antibodies (TT-2 and RV-C2) were weakly reactive with the large segments of coronary arteries ( Table 2 ). The anti-TnI antibody TI-5 gave a heterogeneous pattern of immunostaining in all the coronary artery segments examined (Figure 8) . A number of vascular SM cells appeared to be negative ( Figure 8D) , and in cells positive with TI-5 ( Figures  8A-8C) only part of the cytoplasm was labeled by the antibody in serial sections experiments (not shown).
Surprisingly, when the small coronary arteries were examined, all vascular cells were found to be homogeneously and brightly reactive with all the five anti-TnT and anti-TnI antibodies ( Figure 9 and Table 2 ). In a much similar manner, intramural branches of coronary arteries reacted homogeneously with both anti-TnT and anti-TnI antibodies ( Figure 10 and Table 2 ). No difference in the distribution of immunoreaction was evident in the subendocardium or in subepicardium regions (not shown).
Discussion
In this work we present experimental evidence for the presence of TnT-and TnI-like proteins in vascular SM cells from bovine aorta and coronary arteries. Three monoclonal anti-TnT and two anti- (Table 1 ) and the immunostaining pattern displayed on cardiac muscle tissue is not affected by denaturating treatments, it seems reasonable to assume that these antibodies are di-MC=:I This peculiar immunofluorescence pattem is confirmed by the analysis at higher magnification (panels C and D). Troponin I-4ike immunoreactivity is ofpunctate type (asterisks) and localized in some regions of the smooth muscle cell cytoplasm. Bars: 40 ,pm (panels A and B) and 18 tnm (panels C and D). rected against distinct antigenic epitopes. Given the size of the antigenic epitope is about five to six amino acid residues,38 the structural similarity between cardiac TnT and TnI proteins, on the one hand, and SM TnT-and TnI-like proteins might be of at least 10 amino acid residues.
Sequencing of striated muscle TnT and cDNA analysis have demonstrated marked conservation of large portions among skeletal and cardiac muscles from different species.36,39-41 The fact that JLT-12 anti-TnT antibody36'37 is unreactive with vascular SM tissue indicates that the amino acid sequence shared by cardiac TnT and SM TnT-like protein must be localized outside residues 71-151. It is interesting in this respect that the CNBr fragment CB2 (residues 71-151) shows a marked degree of sequence homology with G3PD, for which the antibodies used in this study are unreactive.
In addition, TT-1, TT-2, and RV-C2 do not antibodies in the blotted extracts comigrate with the respective cardiac troponin subunits argues against this hypothesis.
In the aortic SM, the anti-TnT antibodies can recognize a TnT-like polypeptide that displays an electrophoretic mobility identical to the slower migrating component (TnT-i) of the two cardiac TnT isoforms.3542 Conversely, in the vascular SM from coronary arteries both TnT-1 and TnT-2 (the faster migrating component of the TnT doublet) are present, although they are present or react in a different manner. The TnT-i isoform shows unique structural and functional characteristics compared with the faster migrating TnT variant (TnT-235A42A43). For example, the TnT-1 isoform contains five residues (positions [15] [16] [17] [18] [19] proteins might be, in principle, among the candidates in this specific role. Several variants of TnT and TnI proteins, which are the product of an alternative pre-mRNA splicing process, have been described for the striated muscle system. 46 The recent report47 of the existence of a slow skeletal TnC-like mRNA in human fibroblasts is in keeping with the possibility that the proteins of the troponin complex may be present in nonsarcomeric muscle and in the nonmuscle system. In SM the presence of proteins that show immunological and biochemical characteristics in common with cardiac TnT and TnI does not prove that they have a direct role in the regulation of the contractile performance. The existence of two structurally related TnT regulatory proteins such as caldesmon and calponin, which are functionally related to the TnT-TnI complex of striated muscle,1824 indicate that the troponinlike activity in SM is not incompatible with the physiology of SM contraction. According to the current model of SM contraction, the trace amounts of TnT-and TnI-like proteins found in the present study would suggest, however, that these proteins are unlikely to be functionally significant. 53 The size-specific change in troponinlike immunoreactivity of the vessel wall of coronary arteries might be related to the peculiar aspects of coronary circulation associated with a unique autoregulative capacity.54,55 It would be of interest to the understanding of the structural/ functional role of the troponinlike proteins in the vascular SM cells to ascertain whether the expression of these proteins is coordinated with specific patterns of cytoskeletal or cytocontractile proteins.
